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FOREWORD 

The  series  of  papers,  "Nuclear  Notes,"  prepared  by  the  US  Army  • 
Nuclear  and  Cheaical  Agency  is  intended  to  clarify  and  explain  various 
aspects  of  nuclear  weapons  phenomenology  and  usage.  These  papers  are 
prepared  in  as  nontechnical  a  fashion  as  the  subject  natter  permits. 

They  are  oriented  toward  an  audience  assumed  to  be  responsible  for 
teaching  or  in  some  way  evaluating  the  tactics  and  techniques  of 
employing  nuclear  weapons  in  a  conflict  situation.  The  dissemination  of 
these  Nuclear  Notes  will  hopefully  provide  to  the  US  Army  accurate, 
up-to-date  information  of  importance  in  understanding  the  use  of  nuclear 
weapons  on  the  battlefield. 


The  authors  of  the  original  version  of  this  paper  were  CPT  Martin  L. 
Bawling  and  CPT  Steven  W.  Ader  (1974)  of  the  US  Array  Nuclear  Agency. 

Revising  authors  are  MAJ  Joe  A.  Sima,  Jr.  and  SP5  Anthony  p-  ’’nri-irp _ . 

(19807  oT~' the  US  Art^  Nuclear  al3  Chemical  Agency .  The  paper  reflects 
thc  generaT  phi  1  oso phy  and  methodology  used'Trr'ETTe  Quadripartite 
Sl'<>.idatdization  Agreement  (QSTAG)  244,  Nuclear  Survivability  Criteria  for 
Military  Equipment  (reference  1).  Comments  and  views  of  readers  are 
dejired  and  should  be  forwarded  to:  Commander,  US  Army  Nuclear  and 
Chemical  Agency,  7500  Backlick  Road,  Bldg.  2073,  Springfield,  VA  22150. 


This  paper  supersedes  Nuclear  Notes  Number  2,  October  1974. \ 
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Th«  US  Army  Nuclear  and  Chemical  Agency  recommends  that  issues  of 
Nuclear  Notes  be  retained  and  filed  in  a  loose  leaf  binder.  Current 

issues  are: 


Nuclear  Notes  Number  1  -  The  Electromagnetic  Pulse  (BMP),  June  1974 

Nuclear  Notes  Number  2  -  The  Army  Nuclear  Survivability  Program, 

January  1980  (Revised) 

Nuclear  Notes  Nusfcer  3  -  The  New  Nuclear  Radiation  Casualty  Criteria 

May  1975 

Nuclear  Notes  Number  4  -  Nuclear  Blackout  of  Tactical  Communications 

August  1976 

Nuclear  Notes  Number  5  -  Rainout,  December  1976 

Nuclear  Notes  Number  6  -  A  Primer  on  Nuclear  Weapons  Capabilities, 

June  1977 

Nuclear  Notes  Nunber  7  -  Collateral  Damage,  April  1978 

Nuclear  Notes  Number  8  -  Armored  Vehicle  Shielding  Against  Radiation 

May  1979 

Local  reproduction  and  distribution  are  authorised;  however, 
headquarters  that  do  so  are  requested  to  maintain  a  record  of  internal 
distribution  so  that  changes,  up-dates,  and  corrections  may  be  properly 
disseminated. 


THE  ARMY  NUCLEAR  SURVIVABILITY  PROGRAM 


WHY  HAVE  THE  PROCRAMT 

The  different  nature  of  the  tactical  nuclear  battlefield  require*  a 
unique  approach  toward  insuring  equipaenc  survivability .  In  recognition 
of  this  fact,  the  Any  Nuclear  Survivability  Program  vas  eatabliahed  to 
insure  that  developmental  items  of  critical  Army  equipment  will  be  able 
to  operate  effectively  on  the  nuclear  battlefield.*  The  objectives  of 
this  program  are  to  identify  developmental  items  that  will  be  critical  to 
mission  performance  in  a  nuclear  conflict,  establish  mission  related  and 
cost  effective  nuclear  sui  ivability  design  criteria,  incorporate  nuclear 
hardness  by  design  of  the  aquipsmnt,  teat  the  equipment  against  the 
specified  criteria,  and  SMintain  the  nuclear  hardness  during  production 
and  deployment. 

WHAT  IS  NUCLEAR  SURVIVABILITY? 

Nuclear  survivability  ia  the  capability  of  a  system  to  perform  its 
defined  functions  after  exposure  to  specified  levels  of  nuclear  weapon 
effects.  The  criteria  for  nuclear  survivability  are  those  specified 
levels  of  nuclear  weapon  affects  tdiich  a  given  system  must  survive.  The 
criteria  depend  on  the  system  itself,  its  location  on  the  battlefield, 
the  yields  of  nuclear  weapons  likely  to  be  employed  near  its  location, 
the  relationship  of  the  operating  personnel  to  the  equipMnt,  and  the 
mission  of  the  unit  using  the  system. 

WHAT  IS  THE  PHILOSOPHY? 

The  philosophy,  of  the  lhiclear  Survivability  Program  is  to  insure  that 
equipment  survives  whenever  enough  of  the  personnel  required  to  operate 
the  equipment  resuin  combat  effective.  It  is  important  to  note  that  the 
equipment  is  not  being  made  survivable  to  protect  the  operating 
personnel,  as  shown  in  Figure  1. 

IQW  DOES  IT  WORK? 

Equipment  and  personnel  survivability  is  dependent  upon  the  distance 
from  the  point  of  nuclear  detonation  (or  ground  sero),  as  seen  in  Figure 
2.  As  a  practical  autter,  the  closer  to  ground  zero  that  the  equipment 
ia  expected  to  survive,  the  more  severe  are  the  nuclear  environments  to 
which  the  equipment  will  be  exposed.  The  more  severe  the  environments, 
the  greater  the  coats,  and  the  greater  the  technological  impacts  on 
continuing  efforts  to  amet  required  operational  characteristics.  For 
example,  it  is  desirable  to  make  sophisticated  cosmiunications  equipment, 
which  is  critical  to  effective  cotaaand  and  control  and  frequently 
configured  in  truck-aoun  ed  shelters,  as  survivable  as  possible. 

However,  excessive  nuclea-  survivability  requirement  levels  would 
probably  increase  costs  t.  requiring  more  highly  sophisticated  components 
and  could  significantly  degrade  ax>bility  by  increasing  weight.  As  shown 
in  Figure  3,  the  concept  of  providing  the  Army  with  nuclear  survivable 
equipment  must  preclude  over-designing  the  equipment  to  the  point  where 
it  can  survive  the  nuclear  environment  but  can  no  longer  operate  in  the 
manner  for  which  it  was  originally  intended.  It  is  also  not  feasible  to 
expect  equipment  that  sustains  a  direct  hit  to  survive.  Therefore,  a 
methodology  is  required  that  will  provide  rational,  meaningful,  and 
achievable  levels  of  nuclaar  survivability  r  iteria.  Analysis  has 
indicated  that  en  initial  optimal  goal  for  equipment  survivability  is  to 
design  and  build  the  equipment  so  that  it  will  survive  those  levels  of 
effects  at  which  the  minimum  number  of  crew  meafeers  needed  to  operate  the 
equipment  will  remain  combat  effective  for  up  to  several  days. 


*The  Department  of  the  Army  approved  policy  on  the  Any  Nuclear 
Survivability  Program  may  be  found  in  AR  70-60  (reference  6). 
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FI6IRE 1  •  [SIIPRENT  SVtVIVMILtTY  MES  NIT  PROTECT  PERSONNEL 


mv  at  MimiA  detbbhinedt 


Nuclear  survivability  criteria  ara  developed  by  using  tha  above  logic 
to  relate  parsonnal  casualty  catagorias  to  tha  equipment  that  is  to  ba 
stda  survivabla.  Tha  raaults  of  thasa  ralatiooships  ara  equipment 
vulnerability  catagorias.  Thasa  catagorias  depend  on  operational  and 
deployment  factors,  particular  nuclaar  weapon  affacts,  and  tha  degree  of 
parsonnal  protection  that  the  equipment  inherently  provides.  Bach  of 
these  categories  nay  be  represented  by  drawing  curves  of  constant 
casualties  as  a  function  of  range  fro*  ground  taro  and  weapon  yield. 

Thasa  curves  are  called  isocasualty  curves.  Tha  weapon  yield  spectruw  of 
potential  anewy  use  is  s uper imposed  on  the  isocasualty  curves  to 
determine  the  threat  constrained  governing  isocaaualty  curve.  This 
curve  is  used  to  predict  tha  predoailnant  nuclear  weapon  effects  for  the 
given  spectrua  of  weapon  yields.  Figure  4  illustrates  this  procedure 
schaaatically .  The  discussion  which  follows  describes  the  procedure  in 
detail . 

WHAT  ABB  THE  PBB80MML  CASUALTY  EFFECTS  COjtSIDBBEDT 

Nan  is  vulnerable  to  tha  nuclaar  radiation  (neutrons  and  gaema  rays), 
thermal  radiation,  and  air  blast  offsets  of  a  nuclear  detonation. 

Another  effect,  the  electromagnetic  pulse  (BMP),*  exists  but  only 
affects  certain  types  of  equipment,  and  not  aan.  Bach  of  these  effects, 
except  BNP,  can  create  parsonnal  casualties  depending  on  the  effects 
levels  and  the  particular  operational  situation  (e.g.,  the  degree  of 
protection  that  personnel  (My  receive  fro*  operating  in  a  foxhole,  or 
tracked  or  wheeled  vehicle).  Based  on  a  detailed  analysis  of  the 
bioaedical  aspects  of  nuclear  weapon  effects  on  personnel,  the  following 
categories  of  casualty  effects  to  personnel  are  considered  to  be  the  most 
doainant  and  predictable  for  use  in  the  developaent  of  nuclear 
survivability  criteria:3 

Inediate  transient  incapacitation  (ITI)  to  personnel  from 
initial  nuclear  radiation.  ITI  is  a  temporary  condition 
where  personnel  per  fora  at  SOX  or  less  of  their 
preirradiation  performance  level.  It  occurs  within  5 
minutes  after  sufficient  nuclear  radiation  is  received  and 
can  last  for  30-45  minutes. 

Second  degree  burns  under  cheaical  protective  overgarment. 

Injuries  (producing  combat  ineffectiveness)  due  to  blast 
induced  foxhole  collapse. 

Severe  lunp  daaage  to  foxhole  occupants  due  to  blast  effects. 

Injuries  due  to  blast  induced  moderate  II  damage  to 
vehicles. 

Injuries  due  to  blast  induced  vehicle  overturn  (on  back). 
Injuries  due  to  solid  impact  of  translated  prone  personnel. 


ZA  general  discussion  of  BMP  is  available  in  reference  4. 
References  2  and  3  offer  a  detailed  study  of  personnel  risk  and 
casualty  criteria. 
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what  ooHiniATiom  or  mwwa  amp  touimprr  ah  cowfiomor 


At  pravicaaly  diacuteed,  the  bade  philosophy  (or  the  development  of 
nuclear  survivability  criteria  la  that  equipment  thou  Id  be  nada 
aurvivtblt  to  thoaa  level*  where  the  minimum  nuebtr  of  craw  meubera 
required  to  operate  the  aquipmant  remain  combat  effective.  Thit  require* 
chat  the  above  catualty-prodicing  cateqoriea  for  pertonnel  be  related 
both  to  the  particular  item  of  equipment  and  da|tea  of  pertonnel 
protection.  The  vulnerability  catetoriea  which  relate  itome  of  equipment 
and  degree  of  peraooael  protection  are  I 

Pertonnel  and  equipment  to  be  made  turvivable  are  both 
txpottd  to  the  free-field  nuclear  effect*  environment. 

Pertonnel  and  equipment  are  thermally  protected  in  wheeled 
or  tracked  vehicle*,  or  in  coatunicationa-electronict  (C-E) 
the  Iter*. 

Equipment  it  txpottd  and  pertonnel  are  thermally  protected 
in  wheeled  or  tracked  vahiclet,  or  C-E  thaltart. 

Pertonnel  and  equipment  are  in  foxhole*,  or  pertonnel  .ire 
in  foxhole*  and  equipment  it  expoted  to  the  free-field 
nuclear  effect*  environment. 

Pertonnel  are  expoted  to  Che  free-field  nucletr  effect* 
environment  and  equipment  it  thermally  protected  in  wheeled 
or  tracked  vAiclet,  or  C-E  the  Iter*. 


HOW  ABOUT  a  EXAMPLE! 

The  particular  vulnerability  category  which  it  applicable  for  a  new 
item  of  equipment  will  determine  which  peraonnel  caaualty  effect  or 
effect*  are  of  principal  concern.  For  example,  it  the  item  of  aquipmant 
to  be  made  turvivable  it  a  communication*  device  located  intide  a 
truck-mounted  C-E  the Iter,  the  pertinent  cacualty  producing  effect*  to 
the  operating  crew  (alto  located  intide  the  thtlter)  will  be  i mediate 
trenaient  incapacitation  from  radiation  and  injuria*  due  to  blaat  induced 
lode  rate  IX  damrge  to  wheeled  vahiclee.  (It  ia  attuned  that  if  the 
vehicle  ie  moderately  damaged  or  overturned  on  back,  the  craw  member*  in 
the  vehicle  and  shelter  will  become  combat  ineffective.)  Burnt  are  not 
considered  as  a  caaualty-producing  mechanism  in  this  exanple  because  the 
shelter  walla  will  protect  the  crew  members  from  thermal  radiation. 

These  dominating  personnal  caaualty  affects  can  then  be  graphed  at  a 
function  of  yield  and  range  from  ground  aero  in  order  to  produce  a 
governing  ieocaeualty  curve. 

B)W  ABOUT  MOTHER  EXAMPLE? 

Figures  5  through  7  illustrate  the  relationship  between  pertonnel 
casualty  effect*  and  the  generation  of  nuclear  survivability  criteria. 
Consider,  for  example,  that  a  proposed  nev  backpack  radio  is  to  be  made 
survivabi*  for  ua*  at  battalion  and  lowar  lave  la.  The  vulnerability 
category  for  thit  item  of  equipment  i*  ''personnel  and  equipment  both 
expoted  to  the  free-field  nuclear  effects  environment."  The  casualty 
categories  for  expoted  pertonnel  which  are  of  interest  are  imieditt* 
transient  incapacitation,  tecond  degree  burn*  under  chemical  protective 
overgarment,  and  injuria*  due  to  blast  induced  solid  impact  of  translated 
prone  pertonnel.  These  casualty  categories  are  graphed  in  Figure  5  at  a 
function  of  weapon  yield  and  distance  from  ground  taro,  to  which  thi*  type 
of  caaualty  mechaniem  can  be  expected.  Figure  6  ahovi  the  range-yield 
combinations  (diagonal  shaded  area)  of  Figure  5  et  which  personnel  can  be 
expected  to  become  caaualtiea.  The  upper  boundary  of  this  shaded  tree 
(shewn  by  .the  dark  boundary  line  in  Figure  6)  it  designated  at  the 
governing  ieocaeualty  curve  and  signifies  the  point*  at  which  the 
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FIGURE  5— MAN’S  VULNERABILITY  TO  NUCLEAR  EFFECTS 
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personnel  will  just  remain  combat  i((Mtt««<  The  bade  principle  of 
nuelear  survivability  (i.o.»  the  equipment  should  survive  whenever  th« 
ainlaua  nuaber  of  the  crow  a* abort  required  to  oporoto  tho  equipment 
roaain  eeriiit  effective)  deaanie  that  tho  itoa  of  equipaont  ba  designed 
to  survive  tka  nuclear  effocte  aaaoclatad  with  tho  (rntmiiq  iaocaaualty 
curve  la  Figure  I. 

tinea  tho  ttaa  of  oquipaaot  la  to  be  need  only  it  battalion  and  lower 
unit  level*,  tho  dear  threat  probably  will  not  include  axceaalvely 
large  nuclear  yle.da.  A  hypothetical  epectrua  of  threat  yield*  for  thia 
i  tea  of  aquipaent  haa  been  at^eriapoeed  on  Figure  6  and  ia  ah  own  in 
Figure  7  by  the  vortical  dotted  ltneo.  Once  the  threat  apoctrua  ia 
applied  to  the  governing  iaocaaualty  curve,  the  curve  i*  redeaignated  at 
the  threat  constrained  governing  iaocaaualty  curve,  since  it  represents 
those  points  at  which  sufficient  personnel  will  reaain  coobat  effective 
and  at  uhich  aquipaent  ahould  bo  daaigned  to  survive  baaed  on  the 
expected  threat  yield  apactrua.  tala  need  nuclear  eurvlvebility  criteria 
for  sir  bleat,  initial  nuclear  radiation,  thermal  radiation,  and  INF 
paraaetera  are  than  calculated*  at  each  of  the  yield-range  point!  along 
the  threat  constrained  governing  Iaocaaualty  curve  in  Figure  7.  The 
aaxiaua  values  of  theta  pereaetere  are  apeclfied  ea  the  nuclear 
aurvivability  criteria  for  the  prop  of  ad  backpack  radio. 


FIMIE  7-THEIT  CMSTMINEI  6IVEIIIINC  ISICJtSIUTY  Cliff 
FIR  lEVElIPKENT  IF  NICIEM  SINffMUTY  CRITERIA 


*Th#ae  calculation*  are  normally  performed  by  the  US  Army  Nuclear  and 
Chemical  Agency  using  a  variety  of  coaputer  coda*.  The  criteria  can  also 
ba  determined  manually,  however,  by  using  reference  1. 
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The  nuclear  survivability  criteria  aait  new  ba  un<  in  the  materiel 
acquisition  process.  It  ia  neither  intended  nor  aeceaaarv  that  alt 
developmental  it  ana  of  equipment  be  made  nuclear  aurvivabla.  The 
dec iaion  aa  to  whether  or  net  nuclear  survivability  ia  a  required 
operational  charactariatic  ia  node  by  the  proponent  coebat  developer  by 
answering  the  fallowing  questional 

Hill  the  item  of  nquipment  be  uaed  on  the  nuclear  battlefield! 

la  the  it**  of  equipment  critical  to  station  acco*pliah*ent  in  a 
nuclear  conflict! 

Do* a  the  item  of  equipment  aviat  in  aufficient  quantitiea  for 
tiaely  replacement  of  dan  aped  item*! 


After  the  proponent  coebat  developer  hat  considered  theta  queationa 
(baaed  an  intended  use,  criticality,  and  replacebent  availability),  a 
atatenant  of  the  need  for  nuclear  aurvlvability  la  nada  in  tha 
raquirenenta  docunent.  Once  the  dec  iaion  ia  made  to  include  the 
requirement  for  nuclear  rurvivebility  in  thia  document,  the  combat 
developer  requeata  nuclear  turvivabi lity  criteria  from  tha  OS  Army 
Nuclear  and  Chemical  Agency  for  incluaion  in  the  (hitlina  Acquisition 
Plan.  There  criteria  arc  incorporated  into  thia  and  key  documenta  that 
lead  up  to  thia  plan  auch  aa  the  concept  formulation  package  and  the 
appropriate  teat  plana.  The  equipaient  ia  then  designed  and  teated  to  tha 
levels  stated.* 

WAT  IP  TMt  ITuCLEAK  SUBVIVABILITY  CMTIMA  CANNOT  K  ACHIBVtDl 

The  initial  balanced  nuclear  aurvlvability  criteria  specified  in  the 
Outline  Acquisition  Plan  are  both  rational  and  meaningful,  but  still  amy 
not  ba  achievable  baeauae  of  complex  technological  design  considerations, 
operational  degradation  (a.g.,  incraaaad  weight  resulting  in  decressed 
mobility),  and  espenae. 

If  thia  ia  tha  caaa,  then  the  criteria  muat  be  sndified.  However, 
thia  cannot  bo  detersrined  for  an  item  of  equipment  prior  to  tha 
development  cycle.  In  other  werds,  until  tha  developing  contractor 
actually  attesqita  to  roach  tha  lcvele  opacified,  ha  cannot  tall  how  much 
it  ia  going  to  coat  or  how  difficult  it  will  bo  to  reach  that  level. 

Should  one  of  tha  specified  lava  la  require  nod  ificetion,  some  of  the 
remaining  lavala  may  have  to  be  modified  to  maintain  tha  proper  balanced 
relationship  of  weapon  effects.  In  order  to  accoa^liah  this  process,  Che 
developer  muat  answer  two  questional  first,  trtiai  levels  can  be  met,  and 
secondly,  what  the  coat  (dollar  and  operational)  varaua  hardness 
tradeoffs  are. 

At  thia  point,  tha  material  developer  must  request  e  waiver  in 
accordance  with  At  70-60  from  the  Nuclrar  Survivability  Coasittee.  This 
conmittee  is  the  only  authority  empowered  to  modify  nuclear  survivability 
criteria*  the  material  developer  does  not  have  this  authority.  For 
further  Information  on  the  procedure  for  modifying  criteria,  contact  the 
OS  A  ray  Nuclear  and  Chemical  Agency,  7500  Back  lick  toad,  Bldg  2073, 
Springfield,  VA  22130. 


3  A  general  diacusaion  of  considerations  in  determining  what 
should  survive  ia  available  in  reference  6. 
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To  incur*  thct  the  Army  Hue l«c.  Survivability  Program  it  tucccctful, 

•  11  of  tho  following  precepts  net  bo  strictly  observed! 

Nu'lear  jurvi.ability  criteria  art  developed  for  materiel  and  not 
for  personnel. 

Nuclear  survivability  criteria  are  baaed  on  the  philosophy  that 
the  equipment  thou  Id  aurvlve  whenever  enough  of  the  perconnel 
required  to  operate  the  equipment  remain  combat  effective. 

Nuclear  curvivabi lity  criteria  for  equipment  are  hated  on  the 
level*  of  effect*  that  are  aaaoc rated  with  personnel  caaualtie* 
and  the  personnel 'equipment  relationship. 

Nuclear  turvivab ility  criteria  contiat  of  nuclear  weapon  effect* 
parameter*  (i.e.,  initial  nuclear  radiation,  air  bleat,  thermal 
radiation,  and  EMP)  which  are  balanced  to  the  threat  constrained 
Cayatem  iperific)  governing  iaocaaualty  curve. 

The  need,  or  lack  of  need,  for  nuclear  aurvivability  must  be 
atated  in  the  requirements  document. 

The  criteria  provided  for  the  Outline  Acquisition  Plan  are  the 
initial  balanced  criteria  and  nay  have  to  be  refined  due  to 
technical,  operational,  or  economic  reason*. 

Tradeoff  analyses  of  initial  balanced  criteria  should  be 
conducted  from  a  balanced  nuclear  survivability  standpoint. 

Request*  for  waivers  of  nuclear  aurvivability  criteria  aust 
be  addressed  to  the  Nuclear  Survivability  Committee  in  accordance 
with  AR  70-60. 

WHAT  IS  THE  STATUS  AND  WHAT  IS  EXPECTED? 

The  Army  Nuclear  Survivability  Program,  which  originated  soma  years 
ago,  vat  elevated  to  the  mainstream  of  equipment  development  activities 
by  the  issuance  of  AR  70-60,  Sep  1977.  To  date,  there  ere  few  system* 
that  have  been  fielded  with  balanced  nuclear  survivability.  There  are  a 
large  number  of  developmental  systems,  however,  that  currently  have 
nuclear  aurvivability  criteria  in  their  design  specification*  and  are 
being  designed  to  survive  on  the  battlefield,  in  addition,  nuclear 
survivability  retrofit  is  being  given  to  a  limited  number  of  already 
fielded  systems.  The  ramification  of  this  "gearing  up"  of  the  Army 
Nuclear  Survivability  Program  ia  that  the  current  generation  of  equipment 
asaocieted  with  the  force  structure  will  be  mixed  with  respect  to  nuclear 
aurvivability.  It  is  conceivable  that  nuclear  turvivabl*  equipment  may 
ba  temporarily  dependent  on  unherdened  equipme.tt  for  effective  ayatem 
operation.  By  undar standing  and  supporting  this  program,  howavar,  you 
vill  help  insure  the  nuclear  aurvivability  of  future  equipment  so  that 
the  evolving  Army  ia  able  to  operate  effectively  in  e  nuclear  environment. 
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